SUMMARY Twenty-three consecutive patients with duodenal ulceration complicated by pyloric stenosis who came under the care of one surgeon were treated by highly selective vagotomy (HSV) combined with digital dilatation ofthe stenosis through a gastrotomy. No form of drainage procedure was used. Thus the antral 'mill' and the pyloric sphincter were left intact. Since the stenosis is usually distal to the pylorus rather than truly pyloric such dilatation does not damage the pyloric ring, although it may on occasion lead to perforation of the first part of the duodenum. The subsequent progress of these patients was compared with that of a similar, consecutive series of 23 patients with pyloric stenosis who were treated by truncal vagotomy with a drainage procedure by other surgeons on the same surgical unit. Patients were followed up for between four months and five years. The clinical assessment was carried out in 'blind' fashion at a special gastric follow-up clinic. No evidence of recurrent ulceration was found in either group of patients. Two patients from each group subsequently came to reoperation for the relief of gastric stasis. Twenty-two of the 23 patients (96%) who had undergone HSV plus dilatation eventually achieved a good-to-excellent clinical result (Visick grades 1 + 2), whereas only 17 of the 23 patients (74 %) who had undergone truncal vagotomy with drainage achieved such a result. The main clinical difference between the two groups was that side effects such as diarrhoea and abdominal pain or discomfort were more common after vagotomy with drainage than after HSV. These results bear witness to the remarkable propulsive powers of the gastric antrum after HSV, which were evidently sufficient to overcome any tendency to re-stenosis in more than 90 % of patients. The 9 % incidence of failure due to re-stenosis could perhaps be avoided if a small duodenoplasty were performed instead of simple digital dilatation. The results support the hypothesis that damage to the antral mill and pyloric sphincter can be avoided in the course of operations for 'pyloric' stenosis secondary to duodenal ulceration. Avoidance of the drainage procedure is of benefit to the patient, just as it is in patients who have duodenal ulceration without stenosis.
nerve supply and by destroying or bypassing the distal antrum and pylorus. The antral 'mill' and pyloric sphincter are resected entirely in the course of partial gastrectomy, which is the alternative 'standard' operative procedure.
Highly selective vagotomy (HSV), in contrast, keeps the antral mill and pyloric sphincter intact, and their motor nerve supply via the nerves of Latarjet is also preserved (Johnston and Wilkinson, 1970) . Experience with HSV in Leeds and Copenhagen over the past seven years has shown that it yields better clinical results than TV + D in the treatment of uncomplicated duodenal ulceration (Amdrup et al., 1974) . Having found that gastric emptying was satisfactory after HSV in patients who had gross duodenal scarring without overt clinical signs of pyloric stenosis, we wondered whether preservation of the function of the hypertrophied antrum might be sufficient to ensure adequate gastric emptying even in patients who had clinical symptoms and signs of pyloric stenosis, provided that the stenosis was dilated at the time of operation. From 1971 onwards, one of the authors (D.J.) therefore employed HSV plus digital dilatation of the stenosis in the treatment of a consecutive series of patients with pyloric stenosis. The preliminary results were encouraging (Johnston et al., 1973a Each patient had evidence of chronic duodenal ulceration at operation. In addition, a benign gastric ulcer was present in seven patients in the HSV group and in four patients in the TV + D group. Advanced disease, indicated by radiological evidence of severe gastric retention and the operative finding of a large dilated stomach, was found in seven patients in the HSV group and in six patients in the TV + D group. OPERATIVE TECHNIQUE HSV plus dilatation The first step is to perform a small longditudinal gastrotomy, near the greater curvature, just proximal to the antrum. This incision should not encroach upon the part of the stomach which is to be left innervated. The operator's right index finger is introduced into the antrum via the gastromy, insinuated through the pylorus, and gently dilates the stenotic segment until it will admit both the distal and the proximal interphalangeal joints, the latter being roughly equivalent to a No. 16 Hegar's dilator. Such dilatation produced frank perforation of the duodenal wall in four patients. These perforations were closed without difficulty with interrupted catgut sutures, which were placed in such a way as to widen the duodenal lumen. The gastrotomy is then closed with catgut and an HSV performed in the usual way (Johnston and Wilkinson, 1970; Johnston, 1975 Johnston, ,1976 . The operation isusually delightfully easy in these patients because they are thin, with prominent nerves of Latarjet. About 8 cm of stomach were left innervated proximal to the pylorus rather than the 5 to 7 cm which are normally left innervated in the course of HSV for uncomplicated ulcer-firstly, because the stomach is usually dilated, so that the proportion of stomach left innervated may be little greater than usual, and, secondly, because it is particularly important in these patients to preserve the full vigour of antral peristalsis, in order to overcome any obstruction at the gastric outlet as the ulcer heals. Management of coexisting gastric ulcer Such an ulcer is usually excised by a transgastric approach ) and confirmed to be benign by frozen section examination. The defect in the gastric mucosa is closed with catgut sutures. When the ulcer is near the pylorus, however, it is preferable merely to take several biopsies from its edge, because excision of the entire ulcer might produce narrowing at the gastric outlet.
Truncal vagotomy with a drainage procedure The drainage procedure employed was a gastrojejunostomy in 13 patients and a pyloroplasty in 10 patients. Eleven of the gastrojejunostomies were of the posterior, short-loop isoperistaltic variety and two were antecolic. Each was constructed with catgut in two layers. The (Visick, 1948; Goligher et al., 1968) . The length of follow-up ranged from four months to five years. The mean length of follow-up was 24 months after HSV and 41 months after TV + D.
Results

OPERATIVE MORTALITY
There was no operative mortality in either group.
ACID STUDIES
After HSV, the mean reduction in BAO was 78 % and in PAOP" was 54%, in 18 patients ( with a Visick grade 1 result after TV + D, seven had a gastrojejunostomy as the drainage procedure and three had a pyloroplasty. Twenty-two of the 23 patients (96 %) eventually achieved a good-toexcellent result (Visick grade 1 + 2) after HSV, whereas only 17 of 23 patients (74%) achieved such a result after TV + D.
Side-effects of operation The incidences of various side-effects after HSV and TV + D are shown in Table 4 . There was little difference between the respective incidences of early dumping and of vomiting, but diarrhoea, flatulence, and epigastric fullness were all much less common after HSV than after TV + D. Diarrhoea, for example, was noted in only one patient (4%) after HSV, compared with 22 % of patients with TV + D.
Discussion
These findings demonstrate the remarkable propulsive powers of the gastric antrum when its vagal nerve supply is preserved, as in the operation of highly selective vagotomy. The gastric outlet became obstructed again in only two patients out of 23 after HSV plus a single dilatation of the stenosis, which is certainly surprising when one considers how liable to restenosis are fibrous strictures at other sites, such as urethra or oesophagus, when they are dilated only once. Admittedly, the 'pyloric' stenosis may have been due more to oedema and spasm than to the presence of fibrous tissue in perhaps one-third of the 23 patients, but in most patients the stenosis was felt at operation to be a hard, fibrous ring which had to be disrupted forcibly. It should also be emphasised that there was no question of only mild cases of pyloric stenosis being selected for the operation of HSV plus dilatation: the series of patients was consecutive, and represented about 12% of all patients coming to elective operation for duodenal ulcer. It is not clear why restenosis did not occur more often. We would speculate that the narrow duodenal passage was kept open by the vis-a-tergo imparted to the meal by antral peristalsis. The mean period of followup, two years, is of course short: however, if restenosis does not take place within six months of operation, it seems unlikely that it will do so later. This, then, was the main finding: that postoperative gastric emptying was satisfactory in 90 % of patients with 'pyloric' stenosis after treatment by HSV plus a single digital dilatation of the stenosis. Whether this operative method is the treatment of choice for such patients is debatable. One cannot be complacent about the 9% of patients (two of 23) who came to further laparotomy on account of restenosis, and it should be borne in mind also that a further two patients had impaired gastric emptying for several months after operation, although luckily in the long run their symptoms abated spontaneously. This raises the question of whether the 10 to 20% of patients in whom the procedure is liable to fail could be identified before operation and treated by vagotomy with a drainage procedure. While such an idea is attractive in theory, it is probably impractical. Although three of the four patients whose gastric emptying was delayed after HSV had severe pyloric stenosis, many other patients with what semed to be an equally severe degree of stenosis showed no evidence of impaired gastric emptying after HSV plus dilatation. An alternative approach to the problem has been described by Kennedy (1976) who, instead of digital dilatation in such patients, performs HSV plus a small duodenoplasty, distal to the pyloric ring. In a series of patients similar to our own, he has had no failures due to gastric retention. On the other hand, such duodenoplasties, when carried out in the presence of oedema and fibrosis, could be both difficult to perform and not devoid of the risk of duodenal fistulation. Finally, it should be mentioned that, even after vagotomy with a drainage procedure, gastric emptying is by no means invariably satisfactory (Kennedy et al., 1973) . The findings of poor gastric emptying in 9% of patients after TV + D in our series may be unrepresentative, but there is no doubt that gastric retention can occur after both pyloroplasty and gastrojejunostomy, the latter procedure particularly being associated with a wide variety of potential mechanical complications, such as kinking of the loop, retrograde intussusception, and excessive reflux of bile into the stomach. Thus, while HSV plus dilatation has been shown to fail in 10 % of patients, a drainage procedure (with vagotomy) probably also fails to produce satisfactory gastric emptying in about 5 % of patients.
Seventy-four per cent of patients were found to have achieved perfect clinical results after HSV, whereas only 44% of patients after TV + D did so: 94 % of patients had good-or-excellent results (Visick grades 1 + 2) after HSV, compared with only 74 % of patients after TV + D. These findings, while they might appear at first sight to give an unfair account of the clinical results to be expected after TV + D (Feggetter and Pringle, 1965; Ellis et al., 1966) , are, in fact, very similar to those which were reported previously from Leeds after HSV and TV + D when these procedures were used in the treatment of patients with uncomplicated duodenal ulceration (Goligher et al., 1968; Amdrup et al., 1974) . The comparison between HSV and TV + D in this study is greatly weakened, however, by the facts that patients were not allotted in random manner to one or other of the operative procedures and that the length of follow-up of patients after HSV (24 months) was considerably shorter than that of patients who had undergone TV + D (41 months). Thus the study could be biased, either in favour of TV + D or against it, and quite clearly a controlled, prospective evaluation of HSV plus dilatation or duodenoplasty versus TV + D in the treatment of patients with pyloric stenosis is now required. In such a trial, we would suggest that elderly or decrepit patients should probably be excluded, because they would be less well able to withstand a second operation should restenosis occur after HSV plus dilatation.
